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A design chart In coefficient form Is prssented from

!
which a radiator can be ohosen with any deqlred charac-
teriatloa, whether for minimum power, particular dinGn-
sions, or pressure drop for cooling. The chart is a con-
venient tool for selecting a practlcablo radiator for any
given sot of oporating conditions. BOCaUSO tho f1017 IS
turbulent in tho tubes, tho c-hart is for turbulent-flow
condltlone.

For the past few years the XACA has teen making a
study of the heat-transfer pro31em no related to radiators
and Interccolers. The existing information on heat trane-
fer and tho results of tests for an analynis of tho radi-
ator problom, coEductcd b~ tho KAOA ct LansIoy Flold, Vn.,
are given in rofcrnuco 1, which nlso prosonts an oxtonslve
bi.~liogrnpily of til~ lltoraturo on tho su?ljoct. In rofor-
caco 1 t-he opti~um r~diator was selected for a design
presecne drop. It was shown further that, as the pressure
dlfierence across the rta3iator is levered, the power for
coollng Is ro.l-~ced.

Since reforenco 1 was pre~ared, the stu~ of tho ra5i-
ator prohlom ‘has been contlnuoa. A= unpublished analysis
mado at tho Laboratory showod that an optimum volumo ex-
ists for a given set of design conditions, which Ie con-
stant In the pre.ctlcal range of pressure drops and maes
flon of cooliag air. Equntlonn determining the raaiator
were developed In an unpubl~shed work and the design chart
prosonted in this paper was prepared by uso of those oqua-
tiono.

SYEBOLS

A opon frontal nroa of radiator, square feet

o a constant representing the power roqulred to carry
unit opon radiator volumo



Tw tube-wall teqerr.turo

Tia tempcraturo of r.ir nt octraace, ‘F
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temperature of COOlin= air at outlet
.... .. ..... ------ . ..

open 7olume of the radiator, feet (.v= AL)

alrplme speed, feet per Beco~&

a7era~e velocity of air in ra~iator tube

dime:loionlega ?actor by which raLiator W0i6ht iiI
~ulti~lied to account for additional air~lane
mtructure required

1
air deneit~, 81%8 Zer CU-DiC fOOt

coefficient of 7iscosity. s1uD8 ~er foot ~cr eecond

densit:’ o? radiator based on o~en volune, :munds
per cubic feat

General Analynia

Three oquationo determine the rodiator:

P~ = Ap Vt A + CAL . (1)

H ‘“’aL/D)
-Tia) (1 - ~-4ClR (2)= p 7% &8 @w.

Ap = 2Ca p-pta R-o-a L/~ (3)

Equation (1) ~i-;es the total power used.b~ the radiator
ae a oum of the ~ower required to push the coolinb air . -
through the radiator and the po~er required to cnrry the
radiator. The total ‘Lest transfer to the coolin~ air in
terms of the mass flo~.and the temperature rise of cooling
air is ~l~en by equation (2). Equation (3) expresses
the pressure drop of the cooling air while passin6 through
the radiator in terms of the nir flow, the Reynolde num-
ber, and the ratio of tho ltn~gth to the diameter of the
tube.

From equations (l), (2), and (3) the following func-
tionn used in malcinL fi=ure 1 were do~alopod:

— —. ——-— . .— ...-— . — . -—
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“’+($-ls-(l-+%)=O

AP’ =

(4)

(5)

L’

Tho primes used in thoacJ cGuations rcfor to the functional

(7)

(a)

(9)

(10)

(11)

. Desibc Chart

Equtions (4), (5), and (6), respectively, determine
the contour. lines of P:, Ql, and Ai that are Flotted in

I
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- fi~ure 1 03ithe coortinateq.. of Ap 1 and v’. If the
problem is to select the radi_ai-or the,t’’tiill’abaorb the .
lesst power for an available pressure drop across the radi-

m ator, t>a iine of laast power is fihown on the chart, dra~n

y
through the verticai tanbcnt points of the PI curvo 13.
It ohould be toted that the v!

~
vnlues given by this lini

var;” onl~ from 1.30 to 1.50 over the entire ran~e of Apt,
which indicates the possi-iilit:? of a radiator of cocatant
volume reLardloen of the preeaure drop.

The chart (fig. 1) iS the ~ensrel solution of equa-
tions (l), (2), and (2). Equation (1) is straightforward,
beinb subject to no limitations within itself. In equa-
tion (2) the assumptions have beep made that Zw is a
constant and that the ae~olds a,nalogy holds. The first
assumption causes no appr~ciabie error in seleqting a.~
aircraft radiator.

.

The secoad assumption i8 truo rlth turbulent flow whea
the pressure drop is due to skin friction aloae. In equa-
tiou (3) an analytical ox~ression in used for the pressure

s.
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drop. Thio equation has %ac= found tc ho true. for long.

Str8i@t.tu%OQ IE which all the pressuro loss with tUrbU-

lant flow is due to skin friction and the entrance effect
is snail. Tubes having an L/D ratio iess than 150 show
a deviation from this formula but the deviation Is not im-
portant for a ratio of L/D greater than 40. Equation (3)
doeu Lot incl-atiethe exit effect. flhe exit effect is a
small preaeure drop proportional to qt end xm,y be in-

cluded just as lC=iCallF with the duct losses as with tha
radiator pre~~urd drcp.
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I= the final Qnalysi.a., tho ,8.oloction of a raM. ator

Eont ~isuipation, H - - - horsepower Y - - - - - - - 500

Airplnno spood, V. - - - - .zi.lcs por hour - - . - - - 400

Criticnl altituac - - - - foot - - - - .- - - - - - 25,000

c~/c~-- - - -- - - . .- . - .- -- -- - - - - - - -14.0

R~di,’.tor tu-sr dinnetor, D foot - - - - - - - - - - - l/48

Kl = 2 X 3.C)~}9X 24 x O.OO1O65 X (588)-2 = *2 s—.. --—— —.—-----...-—-—--— .-—- 9

‘“5 x 90 *A x 8

~p I = 30 x 9 24 s ().755—.- _.S_--
355 .

From the chart

= 1.375 At e 1.92
;: = 1.95 ?1 = 2.83

The open volume of the radlctor

v= 1.375.-—- — ---— = 1.80 cubic feet
9.24 X 0.823

. . - ———--
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and. the actual volume equals 2.70 cubic feet.

.

Q=
2x3. ’349x5i3i3xA9xL.95——–—-—=—-—— = 363 cuhlc feet per second

22.5x0 .0828xa

The open fro~tf~i area of the radiator

192 x 2 x 0.049 x 43 = ~ ~= squareA = -——.–-—--..—–.—- Wu feet
7.4 X 0.C828 X 8

and the actual frontal area equals 2.77 square feet.

2.83 x 5650pt = —.—--- = sa.o horsepower
9.24 X 0.628 X 550

= 590 x 0.707 = ~180 ~To - TiE = —H— ———-
XC c~ 12.5 X 0.24



.

pcr square foot, nnd a -rery closo approximation will be
mado to tho design chcicn of Ap . 30 pounds por squuro-----..
feat .--’”--‘-”- ““”

Tnc C,~~~ ‘-olumc of the rzdiatar

-v= 1 .F75
–———- = 1.W Cubic fc’c!t
‘3.24 x 3.328

qt = * @.0~1055) x (189)’ = 19.0 pounds per square f~nt

Ap duo to moncntuz dra& = 38.0 X ~gfi = 7.0 pounds per
squnro fsot

A ‘p due to uxit drr.g i=19 x 0.2 = 3.8 pounds pcr squaro foot

AP total = 20 + 7.0 + 3.8 = 30.8
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1. 3rovoort, H. J., c.zi Lt?ifor, U.: Radi”.tor Dosi~n and
Inatmllztioa. iTACA conficic::ttnl raport, 19;9.
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Figure l.- Generalized hat-trbnmimion diagram.
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